in the c-Si solar cell but the V oc does not change when the c-Si solar cell is cut because the amount of incident light does not change. In this paper, the limitations of the electrical power analysis of the cut solar cells were identified when only photo current was considered and the analysis of the electric output of the cut c-Si solar cells was interpreted with a method different from that used in previous analyses. Electrical output was measured when the shaded and cut rates of c-Si solar cells were increased from 0% to 25, 50 and 75%, and a new theoretical model was compared with the experimental results using MATLAB.
Introduction
The photovoltaics (PV) module is currently being researched to increase electrical output [1] . In terms of methods for improving electrical output, there are studies on increasing the efficiency of c-Si solar cells and reducing the series resistance of solar cells and PV modules [2] [3] [4] .
Cut c-Si solar cells have less resistance because of their small electrical current and area. Therefore, the power output is improved as the FF (fill factor) characteristic is enhanced [5] . The PV module, fabricated by cut c-Si solar cells is receiving much attention even though loss is caused by an increase in leakage current and contact resistance. However, most cut c-Si cell research has a paste and electrode structure and there is a lack of research on the electrical output of cut c-Si solar cells [6] [7] [8] .
Recently, research has been carried out to fabricate PV modules using cut c-Si solar cells. Typical examples are half cut c-Si solar cells and shingled solar cells [9] . Previous research is mainly about reducing contact resistance in the c-Si solar cell or maximizing the area of irradiation that is incident to PV modules. There are no studies on the electrical output characteristics resulting from the division of c-Si solar cells. Cut c-Si solar cells have a smaller area than regular c-Si solar cells, which reduces the I sc (short circuit current) value. In general, the decrease in the current value from cutting the c-Si solar cell is considered the same as the shading effect in c-Si solar cells. Therefore, the I sc value of c-Si solar cells decreases. The crack phenomena, in which parts of a c-Si solar cell are divided, are also considered to have a reduction in the I ph (photo current) value. [10] However, the cut and shading phenomena of solar cells are different. When shaded effects occur, the normal areas of the solar cell are connected to shaded areas, reducing the electrical output of the entire c-Si solar cell [11] . Cutting solar cells is only reducing the overall area of the solar cell, the normal area of the cell is not connected to the shaded area. In other word, the shading effect is the reduction of the photo-generation current by external environmental factors and the cut solar cell does not decrease the photo-generating current but rather the area along the same photo-generation current. Thus, when interpreting the electrical output of a cut solar cell, it is not possible to make a correct interpretation because the voltage values do not match. That is, if the shading effect and cut solar cells reduce the light entering at the same rate, the reduction in the light generation current is the same but the voltage value is not. In this work, the voltage and current were reduced in a shaded solar cell while the cut solar cell only reduced the current and the voltage was the same. Electrical power was compared for the cut and shading phenomena of c-Si solar cells and the limitations of electrical power analysis were reviewed considering only the photo current. In addition, the electrical output in cut c-Si solar cells was analyzed theoretically.
In summary, many PV module companies have produced much of the cutting modules in recent years and cut solar cells are receiving considerable attention. However, it was previously impossible to interpret the exact electrical output of the cut solar cell. The reason was that it was interpreted in the same way as the shading effect of a solar cell. In this paper, the electrical output of the cut solar cell has been analyzed in a way that was not previously possible.
Comparison of Electrical Output Characteristics of Cut and Shading Phenomena of c-Si Solar Cells Considering I ph
Because PV modules generate electricity in an external environment, the shading effect can be caused by bird droppings, leaves, and shadows [12, 13] . When the shading effect occurs, the current in the c-Si solar cell decreases because no current is generated in the shaded area [14, 15] . In addition, cut solar cells reduce the current in the solar cell because no current is generated in that area. The electrons generated inside the c-Si solar cell flow into the finger and electrode (busbar) on the surface of the c-Si solar cell. An electron cannot flow through the finger of a c-Si solar cell because the electrode breaks when the c-Si solar cell is cracked or cut. As shown in Figure 1 , a vertical cut of the 3-busbar c-Si solar cell breaks the finger electrode and, therefore, the electrons cannot be collected. Section B is an inactive zone because even if light enters the c-Si solar cell and electron-hole pairs are generated, they cannot flow through the busbar. That is, the c-Si solar cell generates electrical output in area A but not area B.
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where is the photovoltaic current, is the saturation current, q is the electron charge, k is the Boltzmann constant, T is the temperature of the PN junction(p-type and n-type Junction), and are the series resistance and shunt resistance, respectively, and n is the diode ideality constant. If the c-Si solar cell is cut as shown in Figure 1 , the whole area must be removed from the inactive zone. The equation is as follows:
where _ represents the current value of the cut solar cell. In addition, the electrical output of the c-Si solar cell cut horizontally can be interpreted as being connected between A and B. The equation is as follows: 
Because there is no inactive area, the electrical output is the same as a normal c-Si solar cell. The exclusion of inactive areas from the whole light generation current value of the c-Si solar cell in Equation (2) is identical to the shading effect of the c-Si solar cell shown in Figure 4 . An equivalent circuit considering the output of the normally generated area and cut area of a c-Si solar cell is shown Figure 3 . The left side of the center normally generates electricity and the right side is the cut area. An equivalent circuit considering the output of the normally generated area and cut area of a cSi solar cell is shown Figure 3 . The left side of the center normally generates electricity and the right side is the cut area. The c-Si solar cell equivalent equation is as follows:
Because there is no inactive area, the electrical output is the same as a normal c-Si solar cell. The exclusion of inactive areas from the whole light generation current value of the c-Si solar cell in Equation (2) is identical to the shading effect of the c-Si solar cell shown in Figure 4 . The c-Si solar cell equivalent equation is as follows:
where I ph is the photovoltaic current, I o is the saturation current, q is the electron charge, k is the Boltzmann constant, T is the temperature of the PN junction (p-type and n-type Junction), R s and R sh are the series resistance and shunt resistance, respectively, and n is the diode ideality constant. If the c-Si solar cell is cut as shown in Figure 1 , the whole area must be removed from the inactive zone. The equation is as follows:
where I ph_cutting represents the current value of the cut solar cell. In addition, the electrical output of the c-Si solar cell cut horizontally can be interpreted as being connected between A and B. The equation is as follows:
where I ph_cutting1 and I ph_cutting2 represent the current values in areas A and B of the cut solar cell.
Since the c-Si solar cell has been cut but has no electrically inactive zone, the I ph may be represented by the following: I ph_cutting1 indicates area A (wide part) of Figure 2 and I ph_cutting2 indicates area B (narrow part). The sum of the areas of the two parts is I ph and is produced by a single c-Si solar cell. The equation is as follows:
Energies 2018, 11, 3397
Because there is no inactive area, the electrical output is the same as a normal c-Si solar cell. The exclusion of inactive areas from the whole light generation current value of the c-Si solar cell in Equation (2) In Figure 4 , the c-Si solar cell is shaded into an inactive zone in area B, as in Equation (2). The whole photo-generation current of the c-Si solar cell excludes the inactive area.
Comparison of Current-Voltage Characteristic by Cut and Shading Effect of a c-Si Solar Cell

Experimental Method
In this study, we conducted an experiment on the electrical output of the cut and shading phenomena of c-Si solar cells. A single crystalline 3-busbar c-Si solar cell was used for the experiment and the initial output of the c-Si solar cell was measured. Measurements were taken at Chungbuk Technopark Solar Technical Center. The simulator was in the AAA class and the measurement temperature was 25 °C. AAA class means a spectral match at intervals of 0.75-1.25, irradiance spatial non-uniformity of 2% and temporal instability of 2%, according to the American Society for Testing and Materials (ASTM). To ensure that the experiment was accurate, the reference cell current was within the range of the reference value ratio ±0.05 [A] or less and when measuring, we confirmed the temperature change of the c-Si solar cell every 2 minutes. Figure 5 shows a measurement of the current voltage characteristics of a solar cell that is 50% shaded in the vertical direction. 
Results of Electrical Output Experiment for the Cut and Shading Effect c-Si Solar Cells
Before the experiment we measured the initial value of a c-Si solar cell. We then measured the electrical output after the c-Si solar cell was 50% shaded horizontally and vertically. Then, the c-Si solar cell was cut to 50% and the current voltage characteristics were measured.
There was no difference in the horizontally and vertically cut directions of the c-Si solar cell because the electron-hole pairs produced in the PN junctions flowed to the busbar and finger. Figure  6 shows the current-voltage characteristic curve of a c-Si solar cell that is cut horizontally and vertically. Prior to the experiment, two c-Si solar cells with similar initial electrical output were selected, one c-Si solar cell was cut 50% in the horizontal direction and the other 50% in the vertical direction. The current voltage was then measured. The initial electrical output difference between the In Figure 4 , the c-Si solar cell is shaded into an inactive zone in area B, as in Equation (2). The whole photo-generation current of the c-Si solar cell excludes the inactive area.
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In this study, we conducted an experiment on the electrical output of the cut and shading phenomena of c-Si solar cells. A single crystalline 3-busbar c-Si solar cell was used for the experiment and the initial output of the c-Si solar cell was measured. Measurements were taken at Chungbuk Technopark Solar Technical Center. The simulator was in the AAA class and the measurement temperature was 25 • C. AAA class means a spectral match at intervals of 0.75-1.25, irradiance spatial non-uniformity of 2% and temporal instability of 2%, according to the American Society for Testing and Materials (ASTM). To ensure that the experiment was accurate, the reference cell current was within the range of the reference value ratio ±0.05 [A] or less and when measuring, we confirmed the temperature change of the c-Si solar cell every 2 minutes. Figure 5 shows a measurement of the current voltage characteristics of a solar cell that is 50% shaded in the vertical direction. In Figure 4 , the c-Si solar cell is shaded into an inactive zone in area B, as in Equation (2). The whole photo-generation current of the c-Si solar cell excludes the inactive area.
Comparison of Current-Voltage Characteristic by Cut and Shading Effect of a c-Si Solar Cell
Experimental Method
Results of Electrical Output Experiment for the Cut and Shading Effect c-Si Solar Cells
There was no difference in the horizontally and vertically cut directions of the c-Si solar cell because the electron-hole pairs produced in the PN junctions flowed to the busbar and finger. Figure  6 shows the current-voltage characteristic curve of a c-Si solar cell that is cut horizontally and vertically. Prior to the experiment, two c-Si solar cells with similar initial electrical output were selected, one c-Si solar cell was cut 50% in the horizontal direction and the other 50% in the vertical direction. The current voltage was then measured. The initial electrical output difference between the 
There was no difference in the horizontally and vertically cut directions of the c-Si solar cell because the electron-hole pairs produced in the PN junctions flowed to the busbar and finger. Figure 6 shows the current-voltage characteristic curve of a c-Si solar cell that is cut horizontally and vertically. The results of the experiment showed that the electrical output of c-Si solar cells cut horizontally were almost identical to those cut vertically. The electrical output of the c-Si solar cell was estimated to be the value caused by the shaded or cut area. Figure 7 compares the current-voltage characteristics of a c-Si solar cell with respect to the cut and shading effect. The experimental results in the inactive areas caused by the shading and cut phenomena of the c-Si solar cell revealed that the current was equivalently reduced but the value was about 2% different. When a c-Si solar cell experienced the shading effect, there was a change in the voltage value but there was little change in the voltage value for the cut c-Si solar cell. In conclusion, the shading effect of the inactive area of a c-Si solar cell can be interpreted only by considering the light generation current. The results of the experiment showed that the electrical output of c-Si solar cells cut horizontally were almost identical to those cut vertically. The electrical output of the c-Si solar cell was estimated to be the I ph value caused by the shaded or cut area. The results of the experiment showed that the electrical output of c-Si solar cells cut horizontally were almost identical to those cut vertically. The electrical output of the c-Si solar cell was estimated to be the value caused by the shaded or cut area. Figure 9 shows the current voltage characteristic curve according to the value of I ph using a MATLAB (R2016b, Math Works, Massachusetts, USA) simulation program. When the c-Si solar cell is shaded or the irradiation is reduced, as shown in Figure 9 , the I ph value decreases and the V oc value decreases slightly.
Limitations of the Analysis of Electrical Output Characteristics of a Cut c-Si Solar Cell Considering the Photo-Generation Current
about 2% different. When a c-Si solar cell experienced the shading effect, there was a change in the voltage value but there was little change in the voltage value for the cut c-Si solar cell. In conclusion, the shading effect of the inactive area of a c-Si solar cell can be interpreted only by considering the light generation current.
Here, is the current flow to the diode, is the voltage applied to the diode, is the series resistance, and is the parallel resistance. Figure 9 shows the current voltage characteristic curve according to the value of using a MATLAB (R2016b, Math Works, Massachusetts, USA) simulation program. When the c-Si solar cell is shaded or the irradiation is reduced, as shown in Figure 9 , the value decreases and the value decreases slightly.
The semiconductor material composed of PN connections has a depletion layer and a potential barrier, which varies in value depending on the concentration of electrons. In addition, the concentration of electrons depends on the temperature, the forward/reverse bias, and the light intensity. Sunlight has energy and the amount of energy varies with the value of the electron-hole pairs produced in the c-Si solar cell. If the amount of light is reduced, the current and voltage are reduced. The simulation shows that the initial electrical output of a c-Si solar cell without the shading effect is a current (A) of 9 and the voltage (V) is 0.635. The initial value represents the electrical output value of 0% shaded solar cells and Figure 9 shows the current-voltage characteristic curve when the area of the shaded solar cells is increased by 10%. The results of the simulation showed that the current value and voltage value decreased as the shaded area of the shaded solar cell increased. A c-Si solar cell divided in half and connected in parallel is expressed in Figure 10 . Area_1 is the normal operating area of the c-Si solar cell and, assuming Area_2 is inactive, at the normal operating area does not degrade the voltage; there is no reduction in electrical output. However, in shaded areas, voltage drops occur because of the reduction of . In Area_1 normal current and voltage occur but in Area_2 the voltage drop caused by the shading effect causes the overall output to decrease. This reduced not only the current but also the voltage. However, cut c-Si solar cells produce electrical power in the normal area of Area_1 so there The semiconductor material composed of PN connections has a depletion layer and a potential barrier, which varies in value depending on the concentration of electrons. In addition, the concentration of electrons depends on the temperature, the forward/reverse bias, and the light intensity. Sunlight has energy and the amount of energy varies with the value of the electron-hole pairs produced in the c-Si solar cell. If the amount of light is reduced, the current and voltage are reduced. The simulation shows that the initial electrical output of a c-Si solar cell without the shading effect is a current (A) of 9 and the voltage (V) is 0.635. The initial value represents the electrical output value of 0% shaded solar cells and Figure 9 shows the current-voltage characteristic curve when the area of the shaded solar cells is increased by 10%. The results of the simulation showed that the current value and voltage value decreased as the shaded area of the shaded solar cell increased.
A c-Si solar cell divided in half and connected in parallel is expressed in Figure 10 . Area_1 is the normal operating area of the c-Si solar cell and, assuming Area_2 is inactive, I ph at the normal operating area does not degrade the voltage; there is no reduction in electrical output. However, in shaded areas, voltage drops occur because of the reduction of I ph . is the current flow to the diode, is the voltage applied to the diode, is the series resistance, and is the parallel resistance. Figure 9 shows the current voltage characteristic curve according to the value of using a MATLAB (R2016b, Math Works, Massachusetts, USA) simulation program. When the c-Si solar cell is shaded or the irradiation is reduced, as shown in Figure 9 , the value decreases and the value decreases slightly.
The semiconductor material composed of PN connections has a depletion layer and a potential barrier, which varies in value depending on the concentration of electrons. In addition, the concentration of electrons depends on the temperature, the forward/reverse bias, and the light intensity. Sunlight has energy and the amount of energy varies with the value of the electron-hole pairs produced in the c-Si solar cell. If the amount of light is reduced, the current and voltage are reduced. The simulation shows that the initial electrical output of a c-Si solar cell without the shading effect is a current (A) of 9 and the voltage (V) is 0.635. The initial value represents the electrical output value of 0% shaded solar cells and Figure 9 shows the current-voltage characteristic curve when the area of the shaded solar cells is increased by 10%. The results of the simulation showed that the current value and voltage value decreased as the shaded area of the shaded solar cell increased. A c-Si solar cell divided in half and connected in parallel is expressed in Figure 10 . Area_1 is the normal operating area of the c-Si solar cell and, assuming Area_2 is inactive, at the normal operating area does not degrade the voltage; there is no reduction in electrical output. However, in shaded areas, voltage drops occur because of the reduction of . 
Analysis of Electric Output Characteristics of a Cut c-Si Solar Cell
Theoretical Analysis of the Electrical Output of a Cut c-Si Solar Cell
When light energy is absorbed into a c-Si solar cell, the electrical current occurs in the PN junction, which is normally expressed as a light-generating current. The carrier generation rate by light is g opt 1 cm 3 s , the area is A[cm 2 ], the charge amount is q[c], and the light generation current is as follows [16] :
When light enters a c-Si solar cell, electron-hole pairs are created. When E ph ≥ E g [eV] magnitude of energy enters a c-Si wafer, an electron-hole pair is separated and a current flows through the c-Si solar cell. When light enters a semiconductor, an electromotive force is generated by the light and the optical power density (P v ) that is generated through the unit area per hour can be expressed as Equation (6) .
where α is the absorption coefficient, F v is the number of photons moving at any one point, and E ph is the energy of the photon [16] . When the intensity of the light is higher, the value of the optical power density is greater. Therefore, I op eV/cm 2 s , which represents the light intensity, is used as follow [16] :
where h is the Planck constant, c is the velocity of light, and λ is the wavelength of light. When light is absorbed into a semiconductor, the amount decreases depending on the depth. This is equivalent to a decrease in the optical photon flux. The variation ratio of the optical photon flow (F v ) at any one point inside the semiconductor is as follows [16] :
As light enters the semiconductor, it changes the optical power density and the variation of the optical power density relative to the distance from the surface is as follows [16] :
where α is the light absorption coefficient that determines the optical generation rate of the c-Si solar cell as follows [16] :
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Considering energy of a photon, it can be expressed as follows [16] :
In any one point, the optical power density is P v (x) = P v0 e −ax , which can be expressed as follows [16] :
The carrier generation rate by light can be expressed as follows [16] :
When the cross section of the solar cell is referred to as A [cm 2 ] and the light is applied to the PN Junction, the photovoltaic current (I opt ) generated by the light is as follows [16] :
In other words, the I ph in the c-Si solar cell is as follows:
Equation (16) is applied to the c-Si solar cell equivalent equation as follows:
The reverse saturation current I 0 is:
Therefore, the solar cell equivalent equation is:
where L p is the diffusion length of the hole, L n is the diffusion length of the electron, τ p is the minority carrier lifetime of the hole, τ n is the minority carrier lifetime of the electron, P n0 is the concentration of the holes on the n-side just near the junction, and n P0 is the concentration of the electron on the p-side just near the junction, respectively. When a c-Si solar cell is shaded, it reduces only I ph . However, the cut c-Si solar cell also reduces the overall area. Therefore, the I 0 and I sh also should be considered. The equivalent circuit of a c-Si solar cell is shown in Figure 11 when a single c-Si solar cell is divided into many small c-Si solar cells and connected in parallel.
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When the cross section of the solar cell is referred to as A [ ] and the light is applied to the PN Junction, the photovoltaic current ( ) generated by the light is as follows [16] :
In other words, the in the c-Si solar cell is as follows:
The reverse saturation current is:
where is the diffusion length of the hole, is the diffusion length of the electron, is the minority carrier lifetime of the hole, is the minority carrier lifetime of the electron, is the concentration of the holes on the n-side just near the junction, and is the concentration of the electron on the p-side just near the junction, respectively. When a c-Si solar cell is shaded, it reduces only . However, the cut c-Si solar cell also reduces the overall area. Therefore, the and also should be considered.The equivalent circuit of a c-Si solar cell is shown in Figure 11 when a single cSi solar cell is divided into many small c-Si solar cells and connected in parallel. In Figure 11 , if each small c-Si solar cell has no electrical losses caused by a connection and each c-Si solar cell has the same electrical characteristics, the following equations apply: In Figure 11 , if each small c-Si solar cell has no electrical losses caused by a connection and each c-Si solar cell has the same electrical characteristics, the following equations apply:
Assuming that the light-generation current of a small c-Si solar cell, I ph1 , I ph2 , I ph3 , I ph4 and I phn combined, is I ph , the value of the light-generation current of a single solar cell is as follows:
The R sh of a solar cell is assumed to be equal in the same c-Si solar cell because it is caused by leakage currents generated by wafer fabrication or process. Since R s is also the series resistance of c-Si solar cells, it was assumed that if the area is the same, the value is the same. Figure 12 assumes that the red square box is an inactive part of a normal c-Si solar cell.
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Current in the cut area is as follows:
When the generation current of a c-Si solar cell excludes the current in the cut area from the current of the entire c-Si solar cell, it is as follows:
where I represents the current value of a c-Si solar cell after it has been cut and _ represents the total current value of a c-Si solar cell. The value of _ indicates the current in the inactive part caused by the cut. As the area of the cut c-Si solar cell is part of the total c-Si solar cell area, _ can be represented as follows:
where Area_t indicates the total area of the c-Si solar cell and Area_c denotes the area of the inactive part due to the cut. That is, the entire area of a c-Si solar cell can be represented as the sum of all the small areas, just as the current densities, under Equation (25), are combined. The total area of a cut cSi solar cell can be expressed by adding all the small areas of a cut. In addition, Equation (25), which indicates the normal part of the current, may be expressed as follows:
Equation (19) is applied to Equation (29) as follows: The total current output of a c-Si solar cell is expressed as follows:
where I represents the current value of a c-Si solar cell after it has been cut and I _n represents the total current value of a c-Si solar cell. The value of I _c indicates the current in the inactive part caused by the cut. As the area of the cut c-Si solar cell is part of the total c-Si solar cell area, I _c can be represented as follows:
where Area_t indicates the total area of the c-Si solar cell and Area_c denotes the area of the inactive part due to the cut. That is, the entire area of a c-Si solar cell can be represented as the sum of all the Energies 2018, 11, 3397 10 of 13 small areas, just as the current densities, under Equation (25), are combined. The total area of a cut c-Si solar cell can be expressed by adding all the small areas of a cut. In addition, Equation (25), which indicates the normal part of the current, may be expressed as follows:
Equation (19) is applied to Equation (29) as follows:
Equation (30) expresses the current of a c-Si solar cell with the sum of the area of a small part expressed as follows: Figure 13 shows the simulation results of Equation (31) in the MATLAB simulation. A cut c-Si solar cell reduces the current values only because the generation area gradually decreases with the size of the inactive area. The simulation shows that the initial electrical output of a c-Si solar cell without the cut ratio has a current of 9 and a voltage of 0.635. In Figure 9 , the voltage value as well as the current value is reduced according to the shading ratio, but only the current value is reduced as a result of Figure 10 . This means that the electrical output of a solar cell can be interpreted by Equation (31). Figure 13 shows the simulation results of Equation (31) in the MATLAB simulation. A cut c-Si solar cell reduces the current values only because the generation area gradually decreases with the size of the inactive area. The simulation shows that the initial electrical output of a c-Si solar cell without the cut ratio has a current of 9 and a voltage of 0.635. In Figure 9 , the voltage value as well as the current value is reduced according to the shading ratio, but only the current value is reduced as a result of Figure 10 . This means that the electrical output of a solar cell can be interpreted by Equation (31). 
Experimental and Simulation Results
In Equation (31), of a cut c-Si solar cell, only the current value changes. The voltage value does not change. This is shown in Figure 13 . In order to compare the difference between the shading effect and the electrical output of a cut c-Si solar cell, the experiment was conducted at a proportion of the same area. The electrical output experiment for the shading effect and cut were performed at 0, 25, 50 and 75% of the total c-Si solar cell area and, as in previous experiments, solar cells with almost the same initial electrical output were used. Figure 14 shows a solar cell cut at a ratio of 0, 25, 50 and 75%. 
In Equation (31), of a cut c-Si solar cell, only the current value changes. The voltage value does not change. This is shown in Figure 13 . In order to compare the difference between the shading effect and the electrical output of a cut c-Si solar cell, the experiment was conducted at a proportion of the same area. The electrical output experiment for the shading effect and cut were performed at 0, 25, 50 and 75% of the total c-Si solar cell area and, as in previous experiments, solar cells with almost the same initial electrical output were used. Figure 14 shows a solar cell cut at a ratio of 0, 25, 50 and 75%. As in previous experiments, the current and voltage values decreased when the shaded area increased. However, as the cut area increased, the voltage value of the cut c-Si solar cell was almost the same, although the current value greatly decreased. When partially shading effects occur on a cSi solar cell, there are areas of normal generation and areas where voltage is degraded by shadows, thereby reducing the overall voltage. However, the characteristics of the voltage do not change because the cut c-Si solar cell changes the whole area and not the . As a result of our experiment, we found that the difference between the shading effect and the cut of the c-Si solar cell cause changes only to the voltage value. As in previous experiments, the current and voltage values decreased when the shaded area increased. However, as the cut area increased, the voltage value of the cut c-Si solar cell was almost the same, although the current value greatly decreased. When partially shading effects occur on a cSi solar cell, there are areas of normal generation and areas where voltage is degraded by shadows, thereby reducing the overall voltage. However, the characteristics of the voltage do not change because the cut c-Si solar cell changes the whole area and not the . As a result of our experiment, we found that the difference between the shading effect and the cut of the c-Si solar cell cause changes only to the voltage value. As in previous experiments, the current and voltage values decreased when the shaded area increased. However, as the cut area increased, the voltage value of the cut c-Si solar cell was almost the same, although the current value greatly decreased. When partially shading effects occur on a cSi solar cell, there are areas of normal generation and areas where voltage is degraded by shadows, thereby reducing the overall voltage. However, the characteristics of the voltage do not change because the cut c-Si solar cell changes the whole area and not the . As a result of our experiment, we found that the difference between the shading effect and the cut of the c-Si solar cell cause changes only to the voltage value. As in previous experiments, the current and voltage values decreased when the shaded area increased. However, as the cut area increased, the voltage value of the cut c-Si solar cell was almost the same, although the current value greatly decreased. When partially shading effects occur on a c-Si solar cell, there are areas of normal generation and areas where voltage is degraded by shadows, thereby reducing the overall voltage. However, the characteristics of the voltage do not change because the cut c-Si solar cell changes the whole area and not the I ph . As a result of our experiment, we found that the difference between the shading effect and the cut of the c-Si solar cell cause changes only to the voltage value. 
Conclusion
In this paper, electrical power characteristics are analyzed for cut c-Si solar cells. First, the cut cSi solar cell's electrical power was interpreted as a reduction in light generation current. This was the same as the shading effect and was not an acceptable result for analyzing the electrical power of the cut c-Si solar cell. The reason for this is that a shaded c-Si solar cell has a normally generated area and shaded area, which changes the voltage value. However, cut c-Si solar cells cannot be interpreted in the previous way because they only reduce the area in normal areas.
Therefore, in this paper, we proposed a new model considering the area of the light-generated current and the saturated current parts differently from the previous equation that was used to interpret the electrical power characteristics of cut c-Si solar cells. The results of the experiment and the newly proposed model had similar results.
The model proposed in this paper is expected to be used to study the electrical power characteristics of the half c-Si solar cell or shingled c-Si solar cell, which is currently receiving considerable attention.
